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. l . O.INTRDDQCTION 

- .. 
1.1 "'Report Formt · ·. 

: ' TO_is: fil)al. .reJ;:ert follows a general outline ~ch was developed for 

aU U. S.. OOE. .,. ~am Opportunity Notioe (J?OO) ~geothei:mal projects. The 

intent of the outline is to provide general uni.follllity . ;in: reJ;:erting fo:r:rna.t 

and · cont~t. Si.np~ the ~s -of the projects vary, sene sections of the 

.g~eral ~~: rnc;tY . • not··_,be applicable · to all projects . sections n6t 

appliqable to "¢is rep§)~ are so identified in thOse:· sectioris.· 

1.2 .. -C»Jjectives '· ~; ·. 

1.2.1 ·"; U.S. OOE. Program Qpportunity··Notice Solicitations· · .. 

~- pr~V?te~ sector 's~-~se o.f geothei:mal .energy-_for d.4"ect hea_ting 

wi~: the Unite¢t,r.~g.1;~!? .haso· bej:m quite limited · to.. date; :.Yet, ·.there:: is a 

~e:,.-,.J?C?t~tial ~et -· for :rfr..Ennal ~energy· in ·~such areas .a s ---i.'"'ldustrial 

processing,_ agribusiness, and . spaoe/water heating . of comrercial arid 

residential buildings. Technical and econ~_s . --~~~:r:rna.tion-· ~s ._ needed ·: to 

r a:;si_~-. in i~q~ pro~~-; ~1?9t h~~t use:r;s and to match :their energy 

~-~ 5pe_9~f~c "geo~.:,_reservq~s •. : ·Technological un~ties .. . arid 

,. '?~~9C~a't;~ -~~c . g$ , ha~ . infl;!l~q:!d J?C?tenti~ :user ·.· petceptian: of 
•. ··. 

!'· .. . •. 

,. . ' 

~ .. 
I'· · 
'· 

direct heat a_wlications. .-: . 

In Septenber, 1977, and April, 1978, ~-- De!~~ __ of~ ~.ef9Y, 
·-------·-. -·- . -··----· -· ··---· 

Div:j:sion of -Geothe.nnar ~~(noW the. p1vis~q-p:-fjf ~7 ana::Hydi:~ 
=-~-·~-t- .;.: ... ..:.... -·---· ·:~ .. ·-=i'- ;,-.::,-::(;~-- - --· ... ~-· .. -;:.~;:c~- ··. -:::- ·.-:.-~. t:f:~ ~:-::c - · 

Technplogi~§J ... i.s.~~-. t:"9 _?.J::ogram Oppqxj::l~FJ:i~.t~pt,ioes; .< ·The·s_e·. solicitations 

·~· :..: ..-: • . • -· -4 ~!"~ : · ~;;J ~ .. ~. ,?:"'_;_~.: :.t. ~-- :- ··:... .. ~ ·:.~:~: ... _,,;--,·. -~':/'•" 

were part of DOE's national geothennal energy program plan, which had as its 

( ,- 0 
.... -~; J --:-_, ?.:."J;J• -l !-: • • a• ::. •• 00 :: .: h - •• _ •: 0 --

obj~ive the; .~~: re~_c:!l ,O!ld -~-~y~l~t 9.f:.h~~:,~~ :::~oes by 
-~~ .. ..... -~ .. ·:-::z:; .._ !'' .. . . ~ .. 

1 



the private sector. Encouragemmt was giVen to namicipalities and the 
~ 

private sector. by DOE off~ to share a portion of the front-end financial 
risk in'"a limited nurrber of field ~ri.nent projects. :. After competitive 

- evaluatiQTis, 23 PCN projects were ' selected !rar. '·he _two Pr0gi"am Opportunity 

~tice solicitations . SUbsequent'. events caused- four· of the5e projects ·to 
withdraw. from the- program. 

To assist future final report searches, a list of all 19 - DCE 

Birect;-use ;Geothennal PCN ProjectS- tl>Bt .will•.be: using this .'final rePort 
foill\3.t is presented· in., Table·: bL '.1'11eo ·DOE report tlllliU5er \ri.il be of 'the: fonn 

DOE/ET/2XXXX-N '.mere 2XXXX are the last five digits of the.. DOE contraCt 
number (given bel<JI'!'} • ~ ~ ~~ the ~eQti.41::. otiler . ..Pf. l:ePorts :-issued bY" .the 
subject project, ·printed by the federaL governi!ent -for general distribution, 
and available through the NatiOnal Teclmical Information Service (NITS) • 

This -final report . dOCUI!Ents.:tlle ·OOE Direct-'Use C~ Pal 

ProjeCt in.Corsicana, Texas~ ' • " -· .• r 

1.2. 2 · Dezronstration·· Project - ·' 
... 
•. ;.. .. - . -. :·;:: " ... : ·~ 

The Objective of this proj~ Was to denonstrate teclmical 
.feasibility.! and to .artaJ.yze· eco~c:S-··of· the 'direct;.,'use of· geOthermai enei:gy. 
To neet this-. pbjective;.· the geothel:Ita.l ~resource was' uSed .'tc) heat' fresh· water 
.:to. raise ~hrinp (prawns'), gtt:M. produCe, aild iai.se· &t.ffsh at Nciv.:llm"c.Ollege 
in Corsicana, Texas. 

TABLE':~-};,; .. -,- ,. . ~· .... - '·:': r.· 

.1-r·-Contract.. Number· ~- · Project Nane "' · · •· Iocatimt • . ·. · ·- DOE OFFICE DE-FC07-78ET27054 ~ Monroe, Utah ID ~ ,,,,.,. · DE'-FC07,..78ET27080 :. ·q iaakbft!' Sc:hbor.~:~-.(' •r·. Phillip; . soili::h·'Dakoi:a · .. ' m ·:: :~' 
DE-FC07-78Er28419 Dianond Ring ~ch . HaaY.on coonty, ~ :..-· =.~ ,· .... _ ~- . · .:~ ,:. · ··:c·:~/{ ,"',(:~-:..-.~ -:-. -~~·{,.;;:_ ·~..:·.:""£Dako€a · ··.~ :: · 
DE-.AC07- 78ET28424 Ore-Ida Focx1s Ontario, Oregon ... - {)E-FC07-:78ET28441~·(: st:: Mal.Y' s: HOSPital I>i.erre'} Soutfi. oakota DE-FC07-79ET27027 Utah State Prison Draper, Utah 
DE-FC07-79E'I'27028 Madison County Rexburg, Idaho 
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ID 
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i 
I · 
i:. 

DE- FC07-79ET27030 
DE- AC07- 79ET27033 
DE-FC07-79ET27053 
DE-AC07-79ET27055 

DE- AC07- 79ET27056 

DE-Ac03-78ET27154 
DE- AC03-79ET27029 
DE-~£03-79ET27040 

DE-AC03-79ET27045 
DE-AC03-79ET27047 

DE-AC08-78ET27059 
DE-FCO·a.:79tr27058 

Pagosa ~rings_ . 
po Heat Carpany. 
Bo~se 
wann Springs 
State Hospital 
Utah Poses, In:c. 

Klamath Falls 
M:Jana' Reno 
SUsanville 
El Centro 
AqUafanns 

T-H- 5 Bqspital., . 
Navarro Coll~e 

Pagosa Springs, Colo. 
Elko, Nevada 
Boise , Idaho 

w.s.s.H., Montanta 
Sandy' ,. utah 

ID 
ID 
ID 

ID 
ID 

C r: 
Klamath Falls, ~ . SAN 
Reri'o, Nevada· - SAN 
susanvi~e, California .: SAN 
El centrO, California ' S1IN 
Dos. Palma:s 'Area , Calif S1IN 
..... ~\, .. ; 

Marlin, Texas 
~rsi~, Texas 

..... ·· ~ 

NV 
NV 

' -~ .. -... .;i - . ' . 

DOE Direct~~~PcN Pro' ects.. ··., 
fa£>ie ~ .r'..:lJ -.. · ·• :J • , .' • 

1.2. 3 
Project Locatio~ ·:,.'. . ~- · ·.·.~:~~ ' -.~~Jv. :.-' - · ~ ·-.. : 

/ : -
• - .. .,.. , ........ ~- - t 

Corsicana· is .. tfte . county seat of Navarro s:ounty' ·. Texas and had a .-
1980 pqJUJ.ation of about 21,712. ~ As depicted in Fi~ .i-1, ~rs~cana is 

;'. 

situated 55 miles south of Dallas and 55 miles northeast of .Waco. Figure 1- 2 .-,· 
is a map of the city of Corsicana. ~ - ........ 

1.3 Pre-Project Backgroux:d 
I . . 

Navarro College is a two-ye;ar carprebensive a::mm.u\ity college 

locat~.in Corsicana, T£fas_-::m a 117 acre canpus} (Figures 1-1 -and :-1-2) . 'Ihls 
• ( ... . < 0 '1. - • •" 

· a~~ : is~ located ov~ • a. ·rredium tercperat:t{r'e '. (130°F) geothel:rna.l re~ir 
,.li ' . . .J . ...... 

2,600 feet below the surface. / 
' - .' - •'· : : :1 ~' 

Tre b,li~ was founded i,:?.--0~1~46 when a group of Navarro ~ty 

citizenS met to 

' junior college. 
i 

fonn a steering carmi.~ for the purpose of establishi.n<i a 
.~ . ~ 

A public election was held on July 16, 1946, to elect ~ 

· first board of trust ees and authorize a local ta.-<: to support the riewly fonned . . . 

college. 

The ' first -c~s of ~t~: -~teroo in -~~, 1946. The 

initial college enrolllrent was 238 students. '!he first canpU5 was located on 

3 
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the property of tl:le AL:t: Activities of Texas, a ~brld · ~lar II primary flying 

school facill:tY, six miles squth of." .Corsicana. . * . _,: .. . 
. In 1951 the canpus was xroved to its present locatiozi ·in the city 

lirn.i~ of Corsicana on State Highway 31 West. In 1954 the college received 

accr~f-.ation frorit the Southern ll..ssociation of Colleges and SChools. This 

ac~tatio.~ was reaffinoed in 1974 and will: be again in 1.985. 

~g 1974 the college. broadened i~ philosophy and purposes to 

~c::a;pa~s the rorrprehens~ve. ~ty ~ased ,oo.ucational c:Oncept, adding n:ew 
occ;:upatiol}al . ~cation programs'· ~d- irnpl~ting new educational concepts 

. l~ '~. I'· ... .:, 

' "• If ' .~ • I.... J - "'• ' 

.. .ulcrudirig individualized. and self-pacoo instruction • . · ' -.~:: - . ·~ . - ; -.- . . : . . . . . 
!'/. · · ·:-.:~'- ",'. ,: ~:: .. ,~.This incotpoiati.on of new ·philosphies and concepts has enabled the 

; ~.~\: . . :' . . : -~ ....... ~· . ·, . . .. , . 
. , . . , . · · <f.>_llege · .. ip becarre iil;v9lved ;n· -n'UirS,rous research activities .: that have 

' :--. .· '\ ~ . ~· 

.. -' ·-. : ;':/~~~ ~ p~j'kct~· and d.Lrriculum ·that .have seJ:Ved al:i protptype sys~ems -· ,. .-. "' :· ..... -. .-~ be~ ~a~ied: ·;t_·-~eveial .. other ~titutions. ·.- : ~~- . ......... _ . '-( ~-: ·;· . . . ..... ~ 
·' ,· ·:> .. :· ··· , In .. k~pi.hg with this new · ~cational role, the word !'Junior" was 

• : .\ t . ... • .... ~ .. - .. •' .:. • ~. - . .. ... ··J- • • .• ~ - .. . ,,;. -~ .. .,....., .. - .-
·:: dtOpped''. ftqq· the ·name, and the ·,official' name of Navarro. College was adopted 

, I' , ..:.·- ;- .: _ .. ' \ , • • • • : • • , • . , ....... .. 

• "' ' ,_..._ •I ~ ~ ~... • 

: · •. . . · by .the Bc5ard of 'L'rustees. . . . .. . - ... . . .' 

. ·' 
GeoJ,.ogists . and oil produ~s have known of Subsurface hot wa-ter . .- __ 

' ~. • (t- . • . • • • •• ~ • :, . + .,. • , . 

along the ·.faults n~ Corsicana for several yea+s and have, utiliied the 135°¥ _. -. 
. t, • . • . '• --·- · ~··:· • . .: ; ;: •• ._ .... ,; ... .' • • . • ' •• •. ! •.. . :· . ~ . ~~·~-.. .. • •. ..... -:: ...... 

water from the ~~"~90.inje~ into uppezz.:· oil P:00Uc'll;g zones to enhance 
' ) . 
i 
;4 •• '. 

oil . reoovery by · rec~ · the pressure ln tiie. ;,n zqne~ Vf.Lth the water and 

·' ' .. ..... 

~· .. ,.·:. . • • • • .:. :: • • ...,.. !:', , • .. 

. ~·· / reducing the viScosity of the · oil with' lieat;· thus, ~i~_g the oil great~· 

Jrobility. 
. . -.~. . ;,: '-.. 

In 1978, Mr. Waiter Erwin, a Corsi~ a:mmmi.ty : leader_, infonred 
.. -;. ., 

the . College pf his belief that ~urn · terrperature water was ~ocated ·-Oeni:a:th .. . ~ . . 

' the· eanpus and he offu~ to assist the eollege in sea.rclring fo:t; thls water •. 
~~ . ·'; . . . ··.•. . ....... ·. 

__ , .. ·.~deliver it to the surface .. WithL'l one year, he and · Mr. Louis Wolens, 

another ccmnunity leader 1 provided the guidance and funding to drill a water 

well and p:ro\re the existence and location of a 130°F geothe.nnal :resource. 
~ .... 

6 



-.. 

. .. 

.:.. 

.,_ 

.. ,Based on ~s ;resou.ree · con.fil:r.ation1 the · Deparlnent . o f Energy 
;_,>;.· :, .. ,; :... .. ... ;~ .: .. • . . ·- ..... 

. agreed 'to cost share a project to conduct research and de-:el~t of the 

t.ft- ' "•i •' t :.: .. " .: : • t' ,.:.., • •' ·,T • • • 

. hydrothema~ ~source to ~t~ the best· rrethods .of using the waz:m water 
.. ....... . '.', . -

+-_.o heat. va...-i.oos space!?. Beginning re5earch concentrated on utilizing the 

ge6~rmal \.iater to ·heat College buiidings · and a nearby hospital; hol~ver, 

becau~e .. of the li,mit~ injection -~+l, . 9Q.pabi:j,.ities 1 it was :.determined that 
:.~.-.- ; • ~ -"'· • • : · - . •;... :· .... _4 ':~. _~:-,' ... ' ·.::. :~ .• :.;_ · . 

the be~~- '?-lil;::za tiD_!l of ~ g~l energy· 'WOUld· .be an application system 
•. ~- · •.• . • •• ~ - .:. . -... :. :- ·.-•• - "': •· • • r =-• . :x--

• ~-;~ ~gy and _ef;,f~ E<t5S. th:rough several use systems including an: 
- .. .... 0, J "' :. . ~ .. - 'l - -· •. ..: :- .•• • • - · - • : .... 

a~a.&-t?ral, • ~~~r- and .fann _ ... pond ., .. operation. ,- This design and 
-.. • .:.;. ..... :. -:·-:. ... _,_ t;- ---·· . ...... -:- ... ~ .. r.. .. ;~ '\<:· .. •..... .) - .·::-

appllcafj,op system has not only . __ allo;.;;ed-,foi;; bas,\q _ ~ch on the econanic 
~:~ . .;~~ -::, . .. ~- ... : ' '::~-_;' '~- -- _ . . _· . ... ... ":' .;· .. ,~ •. -.:... ·· ··;,.:'. ;\~ ~.- .~l.::").-~ - -: 
'an9, .. technical . feasibiJ;l.ty. o~.-.. a .· rrediWt t~ture · ·re,source, but it is · 
. . -- . .... . . .. ·• . ... .. ' . 
.. . ~ .. ·~ .. ~.. : . ·-·~ ..);,'" ' -~ ~·-::;· ::.:· ·· . ~:'}· ..... ·~~ :·:::. 
a.nti.C+pa~ that. there. fa¢J.i'q.es can-~.,further ut;.ilized by the College as a 

continuing Operation for educational training and currl.culum develqm:mt at 

.. ;"T~S:'"' '~;- : -,: : .• 

On fwl.arch 9 1 1979 1 the U.s. oepartrrent of Energy 1 Nevada q;,e...-ations 
. ~·. . .,. . ~! .. [ .. ·_ ....... . / · ··-·· . . .:·· :.~:. ~ , ·- .. .. • ~ 
Qffice entered :into .~tiv:e .a~~-Nc?· ·D~-p.cQ~:-79El'27058 with Navarro 

·- • ... : ' ·, . ~--. :-r.:J .. ,. : ' · ·;-~l-
eol.l8je _ fo . "~em:>ns1p.te the · ~c- a¢ t echni9<11. feasibility of direct 

uQJ.ization of. geotheJ:mal energy. - • ( .- .. - ......... --- . .. · ...... ~-
.. ,' ' -. ·. . ) __ ;~- - ~!.-: 

Pro.Jeet Scope .': 
... . ~. '· .. 

1.4.1 .Orig~L5cope,,,_ .·., . .. . ~· ·_;, i' .. : .,.. ' · • · • • 

,: ::~ ~ ,,- _. _ . ..; '"'--:',.__:!~ l.:::..r.~ ~-• ' .• · ,':,,.) ... ··:"'':..;·· ···"· •, ,..;.. :· . ' 
. brigi....rially the project scope was to show the _f~ility. of using 

.-"' . .-:- ~-... : . ; . .. ) ... -.· . . -· -· - . . 
the. resOO'rce for -spaee "heating applications in one of the canpus bui.ldings 

... ,-;-· . ·-; ' .. ..;. - --.'i. ~1· ... : • 

~ .for ·~-, . 9JU~lty .. _~.i~. 

. .. . :.-; 
~; / "·--;:ll .· ;.~ p::> 1 1 ....,..,.., ·was to ..:,:.....Fom the 
~l.ca_. Y ~'"' t""-'- ... 

follONi.ng tasks: 

· ·1.4:1'~1 · pri~i·:a-·pr.c4Jru~n ·~rt~:¥n\i~ .&~:r~~~~~ geo~ 
' .:.- . resOi.iiC:e ~a~ and ~m. ;],C99i,ng .and P.roduction testing for a 

fiiial reservoir ~t:i:_gn .. _,.., ':._: 

Prepare and sul:rai t to DOE an Environrrental Report describing 
the potential environmental effects of the project. 

7 



~: 0 

1.4.1.3. 

1.4.1.4. 
"' 

~ the neOessary· disposal pe:z:mits and design and construct 
an env~rnrentally acceptable geothel:mal}luid disposal system. 

Prepare a Preliminary ~sign Report to include an 
O'll'erView· of ·. the ·selected geotheiJl'al 5ysteim, ' with a · description 
of the rrajor energy extraction and utilization subsystems, 

. control·(s}' I an<! '· ~ts inch1""~11<J aUY..iliary - harclw2re, 
perfoi:mance characteristics of the system and subsystems, ar.d 
epgineering ·dra~i.ngS . .. . .. ' · · · · . 

. 1. 4 .1 ::s •. ::,.Prepare · a --Final.,Design Re'port to ·addre'ss total 5yst:ern 
design, including details of t.'lle geothennal energy extraction 
and ·utilization 'subsystems ana "control..s; ·interfaces Wl.th the 
existing conventional energy system as appropd,<;l-t~.'· . and an 

,., :· < eooncmic -atial.ysi"s::·: 'l'mF ecoricrni-d:analysis tO proVide 'Sufficient 
detail tO pezmit credible -estimation of capital and life-cycle 

-, · · ~ ,.....,. costs - a-ss6ciated:"with the~' geothez:nai ~~energy 'SYst.enr'~iilCl.uding 
cost of conventional equi~t rrodifications, estixrated annual 

· .·operation':~and·· ma'±fiteilancef CoSts for ::-a: · ti.'ve::year'- 'oPera-tion 
period, projected conventional fuel savings ov~ the ~rating 

,"" ~ol: ...... . 

,; ::~·. ': period,'-and'·-estirnatM'·payback? on ·the 'financial inV~t. All 
applicable construction ~~s and ~ificati~ to be 

i:.."'"':'t' : 

;!' 

'· 

1.4.1.6 . 

sul:rnit:ted.. for review· ana concub:e..'lce · by ·DOE as · part of this 

.=~rt • . ·. . .· .. ~-. ::,,.,.;. ...... ~. - .. ~.:.: ~ .::. . . . : 

Prepare an economic analysis (including lif~-cycle ~!'!rgy and 
cost savings) of the geothermal system ·versus a conVentional 
energy system. 

1 !' _;.,. . . . - . ~ 

1 . 4 .1. 7 • Dete:z:mine perfonnance requj.re!rents and design(P,rocure/ install , .. and ·aCC:eptance-teSt!'J.<:M.:..~a.f:iire .. ·geothentiB.l heating' ·systems
to augment the Navarro College and Navarro County Me!rorial 
Hospital ~space a'nd daleStic water heat.i.rlii iequirerent5. 

: :.·; 

1.4.1.8. Design and ·construct a g~l· flill.ddl'Stributio:il'·sistem 
between the wellheads and the Navan:o College Stud~t Union 
Building, and the Navarro County MeitOnal 'Hb5pital. 

1.4.1.9 . Develop an ~tions and Maintenance -franUal_ for · the ~ 
College and Navarro County ~rial Hospital ~theJ::mal system • 
. ~~ .:,. .. ·:~· r'.-;'!-; ·'i :.: .... :.· .-r; .. ·~ , ·;··':·:"~.--:-~;, :..,·'!:.' .. · -···- ~··J.-

1.4. 1.10 . Plan and eY..ecute a pul;llic awareness ,E>~ .fof ~- groj~. 
; j.w':'o .; .. ·: .. ~ ~ ·.~.; :· ~ a-::: ~ ~!,-;;;:: .. ,;_·,:.;_:.:!· ... -:-• ,:::!...Z:•y"':i .. ~.-~· r . '0 ° ·-~ • .0- • ~ 

1.4.1.11. Identify, a:::ordinate, and resq].ve social, 1~, ~tal, 
::.<·::.::..-.. . • '!;. and_:d nStitUtioni:li';: r.:tCtors •mCh may '.. effeCt the''-'successful 

catpletion of the project . 
,. ·.·•· ···.;. .. ~. -•·.r :.c:., 

1.4.1.12. During the initial ~tional ~od of the Navarro College 
_ .- ~-:. ·: .. • ~ ! am Navarro-<hm&-MeJorial .Hci'""'.Iw g-eotne:mal srs:tein, provide - - fu' ~1...::· ... ~~::-'f - - ... ~·--::;_ ... -,. ' -~.,...,' , ···~· .. r· f tial -. :::<::-. '.:-.!·.t·}.~ :~;:-. r .• •u""' <>'-'-'-Cl._ ..... on_' or, ·auu m ... ormation:. tJ:ans er to, poten users of si.rnilar:-system5;:· ... · .. ,,.,:. v. · ... 

.. ;. '·\ -.· 
.. ":, ; _ '( -· .... • ... 
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--.. . 1. 4 • 2 . Final Scope 
*"' •• • ; ,. •• .. • • • • • • ·~-

;;.;-, ·.' . 'w&/~sult~ of~~jectio~ t~~ perfo~ ·on the di.sposal well in . 
... • ... · .;1.-. ~.,:..· • n ::- !· .. . ·..... . .· .; . ·.: ........ . h . • 

·October ,..of 19S_l rE?vealed that the .well WOUld take fluid at approx.Unately 60 

• ~-· w_c;'\~ g;-avi:t:y .... fl<=M. This fl<=M rate is insuffiCient ·for $pace heating of 

.... l:W.ldings ~ : :-;TJ¥.rre:fore- in July of 1982 ·· the · scope was chaflged fran space 
. . · . ·;~ ~ ' .• . _· :. . . ... :·~.!: .. ~.. :: ~ :. .:. . .. ;..-~···· ·:· . -~:_: ·.~..... . 

- ... -heating to the caseade applications . of geothe.utal . energy. Specifically the 

_. ·~ ,.<Pll~ .was-to. -per:fonn the· foll<:Ming tasks~ •' '- · 
.• !'"-;-" ... .~ . • • . .... - • ...~ : :.:.: .. -~-~-:- .•. : 

"'. · ··:~, · - -:r_~·:z.i · .. ; D,ril). i p~oduc:tion well in .the' ·eorsicana~la'iO.m. geothe::r:mal 
resi;mrce area and perfonn logging and prod~ction . t~sting for a 
final reservoir .confi:Dnatio.rf. - ::~ · : ...,-= · -9·. · ' 

'] .. 

1. 4. 2. 2 Prepare and sul:::r:li t to DOE an Envirorurental Report describing 
the potential environmental effects . _of ~ project, and 
supplerrent that report as r~~ ~taUse:.;'of changes tl)at . 
occur in the project :objective and scope~ 

. ' :'•·~ ·~.- ....... -1' · '\ • • ~ ••• .;; - ... i. 

·1.4:'2.3 ·-~;e ... ~ ;e~s~ ~~~i ~~s-and ~sign and construct 
-- - . a;a~ ei).riropm:m:taJ.ly., acceptab:J._e:: geoti'le:tm3.l:' :'fluid~ disp6sal "system. 
,1.4.2.4,. -~~:a ,Prel~·oesigi11 Repert- to : ii'lclude ' art : ' · ;. · ·: 

.. · overvie\-1 of the cascade application of geothemal ener_gy for 
.: -aquacul-ture, -gree.rihou..c:e: · and: · frtigaHori · · · ~s€erni ' With a 

· ' desO::iPtioo ;f. the major energy extraction and . utilization 
, . _ sub<=sterns -.• controls ·· · and..i.:~n.el:'ifs·~•-including'' :::-Striiefures 

. ~ ~;l·; . . _ ... 7..L . . ~ - ' ·. • ~ ' · ----'!;"""'-"' • , 
fluid · transport piping systems and hc!rdwaJ;:e, perfoi!l'ance 

: . . _ .. , characteristics·, of ~:the';: systemS• and- sbbsystems{ 'and engineering ·-- arawirlgs:· · .. _ 
.·: !-_. ~~.·_._ i'7 :·:.r.:.--:..r... :t:~G- ~:..:::·~ : ... . · ~·~ -~:i·: .J.l£:.:;: _ :· ...... ;...; [1~,·:....· , -?-·?.!:':...1.£ . -. ';;:"::~~ .. 

1. 4. 2. 5 Prepare a Final Design Report to a~ess tqtal s~stem. ~ ~-·· : 
design, _ :IDcluQ.ing ·det:ai:l.S'1·6f the---gei>~l · ene£gy?·e..~ction 
and utilization stibsyst?.ms and controls, p~ and support 

::;. ; : --, ·.~· =· - ~~.?·:·i:~tit:-~;£101'1':\i_!llagram.S -'-' and: ' other . details and 
specifications as required to fully describe .and . sp=<:ify the 

t,.: .. ,- ·, ~· · 1 . ~~~::.i:C?;:.~~perforned;tm~accqrplish~-the:; Fa:ciliti~s Iilstaihilion. 
The Report to include an econanic ·analysis in suffi~~~!: .~etail 

. ~~ peipri.i;:i.estirdatio}1 of;; capital-·:ana life"~e 7&stsf' associated 
with the annual operation and maintenance <;osts for a five year 
operation period, and an estimated payba.C:Jc-·on ·t:fiF fmancial 
investm:mt. All applicable facility drawings and 
specifications shall be sul:mitted for review and concurrence by 
DOE as a part of this Rej:(lrt • . 

1.4.2.6 Procure and install facilities for the cascade application 
of geothel:mal energy in acoordarice with the approved Final 
Design Report and- the facility drawings and specifications . 

9 



::.. ) 

1.4.2. 7 

l .... -:.. 

... 
- 1.4.2 •. 8. 

1.4.2.9. 

Develop an operations and maintenan~. ruanual for the 
aquaculture, greenhouse and irrigation syst~ and conduct a systert'~ operational derrenstratiort cycle of up· to one year \mile 
gathering, reCording, and evaluating eata and obse_TVations for incorporati.on :in the· FinaJ: Technical: 'Report. · · 

Pl~ and e,xecute a p-..: 'ic awareness prbgram for the project. 

I~fy, . coqz;dinate, and resolve social, 1egar; env'il:onrrental. 
and institutional factors which may affect the successful 
cxxrp~etion of the project. ·~·. ·.· 

1.4.2.10. During the initial, operational period ·of the '9eothemal appli
cations systems, provide for the attraction o.f, an<;l infonnation 

.. trar:.sfer tp· potential users of. similar systems. - ' 
• • ~ . - • :.:::,- 0 • -· :.,j ... . .., . . . .• - . . ·- ? ': 

"1.4.2.1!. PrePare and sUanit .repc)fts.·as· .see:forth ih "the Cooperative 
Agreerrent. 

~ • .• . ··~!,. - ~~ .. '·-
. ..:., 

1..5': .. . . ::-"~. 
.-=-. · •• ~ . .• c\ :1 

.~·..- . ..:·~- ::-.r ··•- ... ·. . 
The limiting factor of the project is the disposal well. Although 

~ .-:~ ·~ P.~y·~CJi:i:~:r:~: i~~~ :s.~ .~i~ti~·~:: ,o~ ·~~e~.,~· to 3~~ gallons per . 

minute flw, the injection well acceptance' rate, l..imit§ usage. ae the present . 
f • • ••• · • r ~. · •~; ':~:-:-:. -~ ... !' ::: · · ,. .) ~.; ~r :: :..:::.:• :·.... ~ .. 
~ :t~,~,69 . gal.lp~ .~ ·:minute.. Peak;•heating deil\ands of the current project 

. - ; 

;.• -' 
.. _ · .. ~ .. sca~.!Y .. a~ted by tms capacity of the -iiij~~n well . 
. -~ • - - _',. - •. \"'<: .. · .• •;·: '··· ·.: •. ; ,,,"''·"·':'. ... , ,,', . • ··· .. · .. '·· '· .. ··s~lcf~AD: · alternate ne:thod of disposal·· ~r ~t.ter. injection well 

~- . .. ; 

. ,..,:; . : .. ·"··::::-:: -~ . ; . , ....... . .-: . . . ;.iOJ:.·_,.. •·.•-
'.' .:: '?-.'·' ·: ·•' 

-· ~ ' -
···' ~ ..... -.- .. c . : ;.·' .. 
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~
! 

... 2.0 ~ 

__ ~~-cbjecti~s of the N;a~ College ~~ ~ject have bee."l: 

1) · to detennirie . the techil:ical f~asibility of direct-use geothemal energy for 
.;. .. 

· a cascade s}rsteni~ .. 2) ·tc, use the ·Project as a prototype system to e.'1c:ourage 

geothennal develop-rent by the private s~ctor, 
.. ~t ... · :·. .... · .. ··.;,·: -:!.~ 1 ;__,_ s· · ·: M ~ ;_·:". : • 

analyzt; ecorx:mi~ -~c:enti-ves £oi~~ ~t:'hennal 
:.r··. . .-.. - . ~. . . -~~.c.... - . 

and 3) to gather. project data to 
, _, .. ,- -.H :-~·,~.. ; ., . -

developnent. Tiiliie ·2-1 briefly 

describes ' these-act.ivihe,s ,and ~s as a concise surrmary to the project and 
·-· .. .-..:. : 

to this final report. · 
:.:- . - . - .-. -..... ;;: .. ::.~-

·:.: _,.. , .:.-.:. 

and ecoiiern:i:c 'analysis'~-.: It was frtm these e f forts that projected natural gas 
:~£yo • .. -~-- :~ • _... • • ~ ·: :.· ::v~· _·-:.· ~ :-.. 

savirigs~ inCentives for ·&vel_opnent!by the priVate sector were derived. 
:....:-;',:"-.. ' " ;,'".. ::-..-::.:..'7:.·.-:-:.:J.:~ -- .:--: ... ~:: 

As ·a protot~-~·uiiit~· the geothennal project at Navarro College has 

- successfully deironSt.raf:.ed:-that i.riitial planning arid =en9i.Deo...ririq"have 6Jiiniriated · 
~- . -~ ..... != ..... :... ....... ·""'--~.. .-.:: - ; . . .. :,_. 

in a - tedmically~ feasible ·'operaticin": which extracts the maximum anount of . 
...... . ~· ,_..,_;.. ·:··: ... ":·:",:; - ...... . :?t:-_;::};_~ ... u::: ... . ·:::•:. .... - . , 

·· available energy- in a 'cascade''awlieatloo system. Crop items fran each of the 

:-.,-project.:? el~ti we~ then ~--· to · establish . the · 'e@~c Viability for 
.... :·.;.::;: ~-r• . • ·- ~ .":· -~ . ~:. ·: ·.-::..fS.:· ·.::;. J~-~ .. ;:-.i . ; •. , . 

projected.:~iai ~ti.ons. - : :' · 
·. -··. ~-.... --.-_ ~ .... . · .~:. -~-":-· . ..~; .... r=z.- .. 

. :·· . ·. · -:- ·}1\;Q otller::ielarents"· aff~ the econarni.cs of geothemal utilization 
~ .. - ~~: ... -... : ... -~:·,. -::_,. : .. ·· ... :-·· r ... 3-·.'f':'..:) .. : t;·~i -~~': . · ... l· .. ~ 

- ·:-: in ··~arenterpfises·.-:incrud~ ·t,aX :iricentives and ~ll utilization. Results 
_..; ........ """: .. "'-" .t -:-·: ?- .· ..... -: ..... :...!.. ":"'.'~,..· ... -~ .: ~ -:-.:· ... : . 

indicate that tax incentives currently .available have a _ significant .ilq;lact ~ 
........ ·:.~i:;. .. : ... .,..., · :.. ... • "· .,.~ ·:- ..... J. • ; :- ':' ... ,_, t: ·: • -~-- J::, • r. .. . ~~- _ ..... ·~v:. r...:· :·.-:· .:"f' • 

the. ~~c· ·u;_~ti~~ . -~-Al.SO;· ~ ·edontmics could mpiOV'Ei-~sely; i.i ·heating 
""• :. ";{"";'''::<••:.... ._ -··;u':"•: .. •' ;•)!""'~ ,j~.;,-::• - :.$!~ • • 

loads and- wel.l utilizatiori . were ~ter than tlx>se currently employed by the 
- .r: F< ··:.! : .;_ . . :~~-- ... . ... , .. -~?. 

projeCt at' NaVarrO; cbllege~·· · .. If,: the-'\.iell, which is an expensive capital item, 
:-'"· i""- • • •• -_._; ~ •• ; ~-!· .. -:~ ' ~ -

~ utilized '·~re · fully, ~rei-' savingS would · be acheived at minimal 
.. • .. ..::.- --·· .. ... .. ~ .... :: ;. : r,_ .. ·:· · _ ... . ·Z : 1·~·:: -.. 

additional costs, and econcrnlds 'woW.d ~inprove. 
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Table 2-1. 

o Resource Assessment 

o Weli Orillihg, Ccrrpleti.On, 
and Testing;. 

o Envirorunental and 
-~t.:iJu~~ ~~~~s. 

.:..· --

. .l. 

:- , 

·"
0 
.••. ?Ystem De~gn and Ma.~erial . · · seT'eCtion ..... - ~ 

··: : .. '·· .. 

•.••. • ...... t:.o:. ~.: .. · . :r.r..:::.-;.~-~~r:. ,.1 . . L: · ·-· ;·ry:·:. 
o Systems Momtoring and 

. Dedica,tion Cel:etonies ", , -•;•' ••• I -• ~... ... •• ':.; . • •' • ·• - ~-- '-

• .: :· .. ~ i." ;· .,.. .. ... ,..: ............. . 

'.;.;.·· ·. 

Based on historical evidence of geothel::mal 
resource in Corsicana and available geologic 
data, anticipated a highly productive l30°F 
resource having less than 8000 wn ~s at a 
depth of 2600 ft . 

Jfutituted ~s to prevent. drilling 
~i~. ~ becpning an envi.ronm:mtal 
problem. Drilled 2664 ft. well which 
p~~~$ l30°F .wata:· .at. 300 gpn. 'IDS 
oontent is 6000 Pfm· 

Drilled a seaJnd well . to 4762 ft . , ti:ymg 
~ J..os:a:i;e . ~.:~~ter .r~59~ce. , ,Only· a poorer 
quality resource found and the ;!12 well was 
p;4lgged. bac:),<: 'j:o 240Q ::.:ft; .• .,,to be,~~~ a;s. the 
injection well. This injection well was 
~ l?Y~~~~ ~~cies .to meet ~th · 
enV-ironmental regulations and stanaards for 
~fl~~ <i!-SIJ2Sal, . . :"' . · . . 

· _ ~~~ rna'!;.erials . fgr their c:o;_rpatib:ility 
\·ti. th the college geofluid.. Prepared pre-.. ~ ~~~t~~i~:-~ ~aWhlch 
5~~: ~ ·~erials . and pJ:!Xess .cx:>n,str.;rints. 

.Issued plans and sp99ifications to candidate 
contractOrs thrOugh ~ bidding proCess .. 
Selected .'??l}~ctqr based·.on pri:~. and .:• 
qualifications. Construction proceeded on 

:J>cll~e: a¢;,~stem,.~ fuJ.ly operational 
in October 1983. Conducted Acceptance Test 

-. ~:-E~:!!.Otri:tQ~: logs §Ild._~tions 
Manual f<?:r: Navarro College personnel. 

.... ~-' v:.. . : ::.;:~- -,;. . ~.'~·1. ._.,.:,o¥·. ~~ : '• ",".' '• .. ~. i.: .• ·.:.~ . '"t; 
Conducted a 1-yr, nonitoring phase to 
~tor.-~ perfonnance, ori~t college 
personnel, and assist in tz:oobl.eshoot.ing as 
~- ))!g,_,d..I;l,1;el::ruption of geothemal ~
service has been experienced since system 
s;q;u:tq:?, in:. <Jc!:9Per, ..1~83 . ·. On 6ot:ober .. tJ.1 ;_ 
1983, Navarro College sponsored a dedication 

.-~Y..~ch..~s· ~ attended:by the 
press, Corsicana citizens, political figures 
~-project. participants. ·-.. i.'. 

12 
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o Eoonani.c Analyses 

0 Public Awareness 

0 l'Eterials Testillg 

.Perfonred economic analyses to evaluate 
private sector inCentives for continued 
developnent of Central Texas geothermal 
resource. Concluded that larger heating 
loads than those at tbe college are like-
ly needed before econanics bea:r.e attractive 
for profit-making organizai....ic._.,o;:. 

Throughout the project, iliplercented 
stategies t6 inform general public aoout 
geothenna.l energy and the college project, 
and to attract potential geothex:mal users. 
Elei!Eilts included press releases, fact 
sheets, site signs, tours, and audio/visual 
slide show. 

During actuaJ. system operation, conducted 
8-nonth corrosion test of C::i:nm:m materials 
of const:cuction in order to prarote wicre- . 
spread use of the central Texas geothermal 
resource. Identified suitable materials 
and conf.iJ:rned the selections made for the ' . 
Navarro College. 

SUrrmary of the Navarro College Geothetmal Project 
· Table 2-1 
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.· .. ·· -3.0--·ccN:ws:~;ON AND.~CNS 

~ - .·· 
.... . ,-·'": ... ~ .. --~ 

.. "l'he Navar.ro College 'Ge0tl1eni\al'.~oj~ l'\as en~sed a broad range 
. ... . - .. 

of te<?'T~c,p.l, inst..itu~onal, arl,d ecol'_lcrllic .?ctiv;.H.es, many of which have 
.. . - . .... . . •-. ~ ::. : . 

utiliz~· fo:t'· futuie ~e8~~ ci9Vei~t·. · ~ _to~l ot; eleven conclusions and 
' ' '!.. • ::>£.•{-:.. -'• _...., • "'• •";; '' .:_ •• • .-o ".... ~ ...,.:::,.. • ·' •• • • ,I' : • ' 

.. - • ' - .... --· .,_ ·-,r.,s;. . ·-! .• ... -

_,-. ~on.s:· are·· presented be~ ·,_arid' are -~rganized as technical, 
, -.·!,;_; ~ -r.. .: : . -... :. • :..-~-·-=~ -.. . 

>,. 

instittrt:Ionai/en~,. cir · ~ndnl.c .·' ~ · '"'1 

.. 

3 . 1 Technical conclusions and Recanrendations 

o Pip.i.n<], valves, heat · eX'charigersV~ ·asSOCJ.at:ed cx::nponents of the 
system which c:are into contact with the geofluids .need to be 
closely specified in order tD provide ~or a long-lived system. 

o Geofluid disposal by ·injection requires careful planning of the 
production/injection -wells couplet and careful design of the 
injection well. These efforts are essential' if ccmmmication 
between wells and injectability problems are tD be aVoided. 
Injection well parameters play an important roll in system success. 
Limits of project scope are just as easily dictated by injection 
well acceptance rates as by production w-ell flCM rates. 

15 



3.2 

··.·;·· .-:. -· 

Institutional/Environmental Conclusions and P.econrre.;dations 

o Well ~gat Navaii:o College was aca::rcplished at low noise 
levels and without c:arplaints fran nearby residents. Drillin9 
I;X>ise should not be considered a deterrent to future 
geotheJJtal proj ects . 

o Obtaining aP'propriate pennits ·for ills geothennal system..in 
Texas requi!"ed ~c;ing and cgordinating with several 
'agencies, .incluiliilg the TeXas RailiOa:d Ccmnl.ssiC:m; ~the Texas 
De~t of Water Resources, the-.TeXas-~tc 0f Health, 
'tne 'Texas Afr Control Boarl:l, the u--:s . EnviromerrtaJ.'Protection 

_ lli:Jency, and i;!le u_.s •. ~t o~ En~~tal ~ty_. . 
Frowever, rn::ist of these pennit.s were readily obtained and do . 

. not_ C?n.s1:itute a dexer;ent):~ f.:Ot;~al- geo~l. ge.y_eJ.q?ers • 

. Potential' users Shoiild, hoWever, allo;v sufficient time to 
~cure the permit~~~ ew.e~ny .~8~,;~~1ated ~ •. ei;lYH'9~tal · 
l.ssues • . 

o The apeiciHbriS:~~1~':Pre~·.fb~:th~ N~kc:/·~ollege project 
. . , .. has been. used to .. famil;i.ari;?:e. college pe+sennel with the 

-, --.. ~ --~.- -'. ·a~UQ_n,"'8Ii4 "i~n~t:i~O'(_~ke _raoiities: It is reccrn
·- ... :ITenaea '1:Jlat':any. po~tl:ar :sEiPt-J1ennaL,aevel · s also develop 

,,_;,. ti"& M Mcihuals .£ol:'.~.ir~oPer'a'tj ons ':·· <:.... "...:~ 
- ~;,- .Po,._ .I .... ,. • • • - ; • .-

' i;. ·, ... 3.3 . .E;conanic Conclusions. and R,ecarrtendations 
~ ., --:. '. . . . ..... ' .. -~ , '"\.'. -· ._ .. _ ... -. _/ .. • ' . . . . 

o EcbnaDic" . .inCe.,tives -curi:-enHy';eXis-t . for either organizations .-c;._..,..)l•- J.. .~.......... . ..... ,;; .. 1-::-.. , .. _ .. ___ _ , .• 

to pursue geothel:rnal systems US1Il9 the Central T<>....xas Geo-
thenral Resource, proyided. t:hat the,heaqng load is equal 

.... ;:,:_··· .. · .. "'"; . .-.. tO or larger' thart thiit at- .the. colieie~ ~ ~er heating loads 
·-:-.:can ~: t:M.~tive~: .. _rfls ~ed that 

'facilities which can use substantial annmts of energy at 
~ .: . :: ... 

· or below 130°F ii:Ivestigate. 900~.-0J:PO#.u."".ities • 

~~: .. ~ .• ··.::~··-.t" ~~..: ... ~ . :~ :!.. : .. ; :-: -;_, 

··.: ".~o: :., : t-.; .··~·.: ;· ....... ~ .. ; .. 
·.'~~ .. ~::· .. ~:"- .. ;.~:;: .... :. ' )~··,. •.:.: 

~-· .:· 1-,.:, f :.: 
• ....... ,h, •• 

• • J'..) ' : . • ~ 

.... ,.. .. ~:: ....... :3 ~~::-: ... .. i.: ... 

~ ... ·~·-~ .:: •. •W; >· :.:·!/ .:~ :'j:.~·- L.~ :;-·· ·. ::~"' •. ·-~ ..... .~~ ~~;. ~ 
-r ... .-.~~ :r. :: ·.--~ ·-.. ~~ ;...;:.::, .. ~ ... :.J~· -~ .... ·-'! ..... • "-.... ~ • r..:tr~ .;.:: 

-:·:- ::i'!!:~r .:.~, ~ . .'. '"'!••' ••· "··~'-)·r-;1 .,_..7; :· ·.·. ·.-·· .. ·.::-
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4: f · · "' Task. Breakdcwn 

4. 0 PROOEX:T DESCR!PI'ICN 

~ 

The principle tasRs and sub-tasks ~"Y- presented in' Figure 4-1, 

which ·depicts .the c a~ sch¢ule ·of instaJ.lation and utiliza tion of each 

' -
' project- ~t of - the Navarro College Geothermal Project at c6::-oicana; 

Texas. Th~ -l:_~..lly ~e of this proj ect can be attributed to -several 

; 

minor probl~ which caused n~ro:us de fays ~ extensions to the project-'s 
~ .. ·.:· . ... L. --~ '-. 
, ~re~~ date·. 

' -- - ~~c probl~ associated with this: project included: (a) poor r· - -

~tp~·. :.cql)ditiqn:S which hal!peroo ' ai'illing and workovers of both ·the 

produ~on <;pd. _ _ di.Spo~ - wells, _ (b) . extensive . tilre ~ts bY the 

. ai-clu.-~ctural/engineers -:in -preparliig prel.imi.na:l:i and tinai ~i9t1: reports, 

~---(c) -~r:~ther ~nditi~ns during;~nstrticd~ ~f the projed:-~~1eri-ents~- --
.. . .. --:. - . 

-. -
Orgarlization and Participants 

_ . .. Pari:icipat~ cirgan{iations 
~- \.·-

•&:gcrnha~Cin -~;· .Fi~ 4 .. 2.~:- ~;. ~ ~,- Vice ~sident: . .foi: Can:pus 
.. - . . ··- - . .. . . I 

~~~s; served as p~ject _directOr and cOOrdinated the furlq:.ions of all 

:Partic.i~s- as· well a~--fu-tena:c~·-~th :sp6ns~>l::Pl<J. enti:b.es· . .. "':- .. -
- . .. . . . ; . . .. •. . " 

--~ 

- Kenan Smith,' Project coordinator, presented infol::mation oil the . 
~ . - . ..... -.. : ·-= - -:: . . .. -- . :· . + - . . . 

projec:t . to a ~~. of o::mnunity organi.zation.S, participa;ted · a,t· DOE · revie1o1 
. -- ... ·-- , .. , ,. . . -~· - . "!.,-- .~ ...... ,.~ # •• 

;~e~~::r~ ·:~ .~ approp#ate' gQvezrirTV:ntal agencfes 'aWraised of proj~ 
. - - ... -:-

~StatUS~ and-~~ systems ~tions.- · . -

4. 3 F\JndinCr Breakdown 

.The rost .. of t:he. project, depicted- in-Figure 4-3, -~s ~be~ 
~ . -: - . ... . 

the United States• Departrrent of ,Energy and Navarro College._ 
.. . ~ . . . . ... -~ . ... -· - ·-·- . . . . .-.. 

-·-
"'· 
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5.0 ~.ASSESSMENT 
~ 

.. .:.:· •• '>. 

5 . 1 "' Pl:-e-Project Assessxrent · · ·' ' 

. For lllanY years oii•'has· be@..it produced-in" and arOOi'1d Corsicana. Oil 

fiiros-,Jaave utilized· the 135"F geotfiemial· resouri:e fran the ~ine Fo:Cnation 

as· a . supply of · Wa.ter for secondary . oil recovery': fran upper'· zones . in 

operational areas east of CorsicaiJa. 

5 • 2 ~ , Pre-Drilling Assessrrent 

· .. The Woodbine Forination is t:I:te; shallowest uiiif in. the' NaVarl:O CouiJ.ty 

Area : that .contains wat:er at elevated (greater thari 90°F) tarPeriitu:i:es·. ·'!be 

· .. . fonnation•'.occurs at a depth''.of :approXimately 2,250 'feet · at Navarro College. 

Based·.on a:· tep"q?eratu.re:·ieg of the eXisting· pi:oauction well-, the- ~tilre 

of water·.·over the': perforated· zone' (2';'4501 to i -;560 feet)t ·ranges frcin .- 116° to 

ll9°F. The neasured.- bottcm-hole terrperatu.re ·is:: -aoou~.~22°F. :When the well 

was o.:fqlly cleaned up and .. Puzrped: at a flow of 330 ~/the production zone 

".On the' basis'• o~- temperature grad.ient ca:icu.J..atitins , Water in · the 

deeper Trinity.; Groop :. and Hosston Fonnaticm -~ may have teirperatures ·a.s high 

as 150°·. to ·160°F. 'Ihere ~are·: no WellS• catpleted' in 'the5e deeper rocks 'in 

. The prlncipal-·factor:_re~ibJ..e': tor 'the high: t~'t:uies of water 

. in these rocks iS;. the Mexia-Talco "fault · system. · ~1l"iei'e the Cretac:eOus" rocks 

have ·been downdJ:opped along ~ fauJ.ts, water -iil these uiri.ts co-iui.ngles with 

.. the .. hotter t ccmnaf.e-. waters· of .. the :rocks:' iri ·:the ·-ouachita .. ! fold · belt.' -- The5e 

downfaulted Cretaceous. 1lllits are hydraullcaliy cO~ by '.faults to tfu 

.. 5a!IE water-bearing .units on the upthrcMn . siaes of the faults . Thel:'efore, hot 

.. ;:· ~·:·.:Y ··: 
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waters migrate UIJI'TcUd along_ :the~ ~ault.? -and mix with water in the shallower 
Cretaceous units, resuie!ng in above no~l water tenperatures at shall~ 
depths.,. (Fig. 5- 1 through 5- 3) 

The Texas De~t . of l'Iater ~sources . estimates that the r . 
t:ran~ssiyity of the WOOclliine -in .Navaz:ro -COI.1J'lty is about-2,300 ·gpd/ft , based l 
on a satuJ:ated ~ ~d thic;!<ness of 23 jreters . (76 feet) 

? conductivity of 30 gpd/ft~. 

-~ hydraulic 

There are no other '-later wells p~_:in~ dr~: :water fran the 

--:~~ r~~na:tion at -~ p~ ~ ·itl qentral_ or ea~ Navarro CC?Unty ,· 
_due priJ:rarily to the 'poor quality. of the-e water. Large ·quantities of ·brine ...... l ~--.. ~ --:. · ~- . - - -.-

_ haye-~el) ~ · for _{?Ver 50 ~- _ip conjun<=ti.OJ:?- with oil production .fran 

:~.;.~f!le- ~- C?f - .GoP?.i.cana. P.roduqtion ·.~ from. . the geothermal well 
represents on+y a smal+ ~~on of the brine production ;fran oil wells. 

Drill Site Selection : . ;·.·: .. - ... :~ . : ,. 

agreerrent with the United States Depa.rt:rrent of Eoel:gy r local . :citizens 
... ~ress~ an ~tex:est in. spopspring the drilling of an exploratory well on 

· the ~varrq <;:op,ege ~s . .... · I~ "?9-s _t,he in't!mt of .~se· sporisors that the 
.well be located on the cal!'CUS.·so that scientific research activities could be - - . - . ~-
conducted in order to detennine the feasibility of using this · J:eSOili'ce as· an 

~~~ti~ -:?'. ~<?J?~il, ; .. ~~: .~;r ~Ang J;IUZPOses. r Si.nqe .. the original intent 

f?r;;_~ _of, thi~ .J;e~ \-~. ~" ~t :.a canpus "bu.ilding aid the . oourity 

_,~~!~t···· ":he £~ ~~l s_~e- ~ ~lected ,in .an open. :.area:·.on a northein 
~o11J>f ~ :c::c;mpy.~ ~ch }'laS ::Lcx:;:t~ between both:.the·: hospital and-·carnpus 

~~J.ctinqs. . hb~ ~ project~~ ~ezyoly~ furthel:, and .tb: -hospital . was sold, 
.this .. site vlaS still.-conveniently~ located for.:;installation o£ ' the --disposal .. .. . .. ·- . - . - ' . . - .. . 

well and construciton of 'the present project. 
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6 . 0 F}.'VIRCNMEli1TAL ISSUFS 

Under the original oontract·. agreerrel)t, Radian Corp:>ration -was 

cc:mnissio?ed to deyelop . an envi.l:oJ:llrei?.tal .. ;:ePo~. ·:. ThELpurpose of this report 

'1-;?-S to. J,n.vesti~ete ~ p~g .. _of the proje.c:!:- _and tq.,?.ssure that. _:the project 

_ ... ~liJBld _be in compl_i~<;:e . with federal , . s_tate and J,oq~.l laws regulating 

::-em~,ronrrent,al. .inpact as s~ forth .in:· th~- Na~on~·LEnY!:rprnent:al Policy Act · 

(NEPA) of 1969 . In addition, the report -wa~:~o, ._det~·( ~ ·,en.vironrrental 

.. ~ :· ·-~~~t~?,!t :; ,~s~: tq -; ,;ernain, . in .: ~s;.oo~ce~.~ ~~~ · th~ ilrplerrented 

. ;:~ti~~.· pu):?¥shecl ;.}:~-~: the eo:unc.i;l qn .;.E:nv.irc>nm~ntal ' QualitY: (CEQ) in 

. (~ . 

~ -saP¥>~g P,~· -F.¥~: resource .. d~&. no1: affect. _np:onal, drinkipg -water 

supplies slnce the well is cased and cerrented to , a deJ2th o£_. 238 feet .to 

. . 
. ' . ~~ . proteq::. fl;'~sh -wate;r aquife~. 

: . ;'.· . '. . "';' ' . ·- . ·. . . . .. . . :; ,. ; 

_§.1 : ' · . Pre-Drill_ ~- . ,. -: .. . ~-~ l' . 

·" : ?+~9r_ ~- .. dr~.!,ing,,_~ ~~C?,!l "~-e~l ,i!lD~L _ pe:rn!,itting, through 

¢e ~lroad ,__Q:;a:rmiss;i9n _of ., Texa?,. W?J.P. . sough_!: ~ and . -~PPfPV:¢. . Other State 
· •• '• !.: •. -··~·.::._.: .;.:. ·_, . ...;_.:~~ ... ~.t::-·- · _:. - ··- .. .... . -

. -: '·'· : · :~tities, ·"--~~-~: a~-- .. ~:·:::~.~1:~-~~~-~,~~ms:;._ ~-,:~ .. ?~~:.:P~~t 
~.:.:. 0~-}~~J o_{Fig. , q::~ -~ .. 5-}h~ al~ 00!?-J::a.ct~ tq -~5\ID?., t.h?t:1.d.rilling and 

u~+~+z~(i~Il. _.9j ~~ ~~se, ~uld~ no1r_. _pre~e,ni::,,P~~Elf!IS -:. in. .. rela,pon to 

environrrental i:rcpacts. (see Appendix A) 

6 . 2 Post-Drill 

Onee the rese:rvoir had been located and an analysis of the -water 

(see Appendix B) corrpl eted, the Railroad Corrmission required that any spent 

geothel:mal fluids, not receiving treatl:lalt for the. high dissolved solids 
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conte."lt , be reinj,e<f- ra:th~r : ~-·"elimination of these fluids through 

surface disposal. This requi.rerrent was satisfied through . corrpletion of an 
,._ 

injection well in cttober of 1981 . 

The Railroad Corrriiission 'l;;a::i" · oontacted . on ' 'June io ~ 1982 and the 

project · scope Wa.s discussed to . dete.rnrine if' additional pemrl.ts' · woold be 

•required. Sihce the proj·ect ' w'ould: have a sniall fl~1 and be reinjecting 

thf'!':: Speri·F~·g'eo~' '· UUidi" ~additional periPittirig · through · th~ - Railroad 

COnmi.ssion was oot>fi:qti.irM;· -- · -

..... ,, . .. , ·7-,,; ··-. ··;- Irf' oJ:der: to'' ile1:eiritin&' if any o-ther fecleril }Jermits ~ere- -f:~ired to 

.. ·rreet . ·w:i:th , ·the T;env.r~.htci·l issues,~ the project: ~~- ' di~ais~ .-:w;_ th . -the 

Envirorimental Protection Agency (EPA) in Dallas, 'Iek.s ari' JUri~ i9, 1982. 

~tei·-- -r-eVi~Tih~f the proje<::t'~· it · ·was deterini.iled. tfui't. ~hnitting _was not 
.: !.;· ; .::.; .. ;: 

- ·"~recjufred. by-:the EPA. - ,, ::c·· . -

Due to the high degree of design' and . ti:tiii~<iticin : . t'~clmiques 

errployed in this S'_!Ste:n, a minimum of environrteri·bill:·- inpacts~ kJ.d the 

<-:. Y' assoeiat€<1 penmtfin<j requ~ti fuive '; '15~~ - :i_nrfose:d '-''on the project. 

~~~~~$~eiiTI'tl~!!>f~·~·""EIWfr'o~~":. ReJX?re"'~or ..... ffie 

'·- .. ::: :~etb.efui:r:ii---· ~et-"?'·tra-hz-afi6~j~~ a~a~ .... -co~~~~s-~c.i'tn~ne£ea 
:c.. ·.:-. ~Yf~Oiiili~~l:pbriftiori l.:off:'my ·' .f'(>~'i~:t~ ·. ~r&ro"its·--oi:· : th:i~:: r~ri:::· cati' :J:ie 

· J ... .... ,. 

:..i ·.:· '"" . ·· : :: 

~ '.f'· .~ .. . ; ; . _· . .:- .--:: . . f~ '•, .J·· · 

J .· 
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7 . 0 INSTITO'J.'IQoW.. .ISSUES AND P~ 
-a 

"' Peimits required for this project were limited and did not present 

any sign:j.fican:: problems. Federal peJ::t.d.~s..and requirerrents were net through 

the environrre.ntal report and approval from the Environmental Protection 

Agency. 

State penuits and approvals have been supplied through the Texas 

Railroad Ccmnission and the Texas Water Board Camdssion (see Appendix A) , 

while no:rmal building pelJ!lits satisfied the local requirenents of city and 

county codes. 

. . 

~. . ·:- ·. ~i:: -... · ... 

·., 
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·..... ..~:- ' . 
8. 0 PRffiuct.ICN writ DRII..LmG AND LCGGIN:; . 

. ·'$ 

8 . 1 ;,. 

Sul!lr1FY--
ouririg· July 

eonege p:tope:z:tY to rnt:'es.d:gate the ~tiil of geothermal water believed to 
.. ~ · .. · .·~:·~ :-.~· ~ .. > ... ·L" :. 

exist in t.'le W::x:xlbhie .Fo~tion. ~· · ;·\· ,, · '; 
;~·-t';# .. -~:. ~.:-~\.>:·~t·i . ·. : ... > .:~ -~· ~ . ;.(~: : . 

The well·was. dh"lled to a'~dept!Y.-o:f ·. ± 2664 .. feet and an electnc log 

(see\;~~ix--~~~:;~~,;~-~~- ~ 9~S;~ .~~-~ hole fmn .the total depth of 
~=/~~:: ~· ~ --:;~ ?.:;: -~. . ·-~ .. ~-·': .·. :.;:;~;:~~-.-~ . . 

2664 feet to the';:bOttcm( of:. the 10- 3/4 incho:S'arface casJ.Dg at 238 feet. 

A 130 l~B~f,~~s ~;fi+Jq:b. -~ Fo~ rurl -

hole was cased with. 7''7irlch ·casing'. fran· 2664, :feet to the surface . The · well 
~.!.-.. ~ -~ --~ :' .: ~ : -~/ ~-.~ .... ': :.. t!.·~;·, ·:.::;.: < ~~::- • .. : .. :-"i, . 

\vas then conpleted with :p&£orat.i6~s. in the lower Woodbine sand fran 2454 
. , .. .. "': ~ ·. ·:•.: 

feet to 2560 feet.' 

8.2 Carrpletion ...... ~·· . .•. :-. 
-~~· - ') 

A 17l.z inch hole;·Jcts· drill~c\_to 238 fe-et· ·~d' 10-3/4 inch casing was 

set and cei!Eilted fmn 23~.:·;~t ~ ~~j surface. A. 9-5/8 inch hole was then 
~---· •• : ~ •• ; • • <-

drilled from 238 feet to 26~~Lfeet aiict':.7 inch, 2311 , K-55, R3 steel casing was 
Fi:f>·~ . · _<:>~~ 

set and cerrented fmn 266·i.~~r'ee\t tq ~~surface (Fi<J. Bfl). 
~-~.~~~ .. :.. .- -... ~~~ 

The three lowe~ WS6dbine . sands were perforated with 2 shots per . ·~, ' .. . :- . . 

foot, using shaped ~'~-;~~ ~ ~t~ls of 2454 feet · to 2476 feet~· 2480 
._:~-;.•r,.;;.' ,~·.·.'b- ~,.:.:- ~ :_;..!> :,.,-:~ i ~ -;~.· :; >~·~~ .. ~ j ·~·~:· ~:·~ · • . 

feet to 2504 feet: and 254.f.:'feet to 2560 feet . 
E-.:: ··-~: . :- :.:' ... . -:~;·!.. · .. · ::.s~:. -~:; ? )" <,;:. . ~~:~~:· ~~~~·.'4 ~ · .' :~· .. "7- . 

_. > ;.··,-'·-?_,. ,, .. :}j. total bf.· 62.·Jeet: of -sand was ,Perforated. with a total of 127 
. ~ ~. ),}~·-i . · ~ 3 

. ... shots. 
~-. ' 

A standard non-p~ssul:e 'Well head was installed (Fig. 8- 2) • . . . .. . · .. ·- ... - .. ~-- · • 

i •• • 
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NAVARRO _ COLLEGE 
(3EOTHERMAL WELL =tt 1 
comel~tion schef"Da.ti~ 

10~ CASiNG--~Q3/tf')U 

.. . . ~;: . .... 

. . : . · .c.r-: ~: -~·- • ·= 

• .., .: :·<·; . ·-;.. ,;_ 

•, .... • .. ,·:. . 

\ ~ . . .. 

"\ , 'I 

well completed 
1978 

figure 8-1 
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. NAVARRO COLLEGE 

GEOTflERMAL. ·wELl# 1 

·Well Head 

8% Well Seal Hercules . 

. fG~Ivanized 'Plug· 

-1 x 8 %" Swedge Nipple· • · 

--- 7"·Coupling 

Figure 8.-2 
; ----------3-3-:-. --------,-,.:___~ 
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